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Sial equipment, instruments, or materials are identified in this paper in order to specify the experimental procedure adequately. Such identification is not intended
ymmendation or endorsement by the National Institute of Standards and Technology, nor is it intended to imply that the materials or equipment identified are
) necessarily the best available for the purpose.

n isintended to capture external perspectives related to NIST standards, measurement, and testingrelated efforts. These external perspectives can come from
3mia, government, and other organizations. This report was prepared as an account of a workshop; it is intended to document external perspectives and does not
E represent official NIST positions.
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NIST's Public Safety
Innovation Accelerator

Dereck Orr

NIST CTL Division Chief & PSCR
Program Manager

Day 1 - Tuesday, June 7th
9:30am - 10:30am
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NIST's Role in the Middle Class Tax
Relief and Job Creation Act
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Section 6303 directs NIST to conduct R&D to
advance public safety communications technology
and allocates $300 million in funding through 2022
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rm,))) PSCR's
PSCR Approach

=< I

- Requirements & Standards
- Testing & Evaluation/Measurement
- Research & Development
« Modeling & Simulation
- Security Research
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PSCR Technology
Roadmapping

November 2013 - PSCR hosted a 2-day
roadmapping workshop to collect

information on priority R&D focus areas
for public safety —_—

 Location-based Services
- Analytics
- Enhanced User Interface
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Innovation Accelerator
Sessions This Week:
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Location-Based
Services

Spring May October  Spring Spring Spring Current Future
2014 2015 2015 2016 2016 2016 Projects  Projects

Indoor
Working LBS LBS Summit Prioritize Select L'-BS Rh&D localization
i Report LBS R&D aunc & tracking
Group Roadmap Summit ToT » Prize Indoor mapping
Kick Off Published Publication R&D Opportunities Challenges, & navigation
Opportunities Grants, & Enhanced 3D
Contracts

@ - 4

geolocation
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Services

Spring May October  Spring Spring Spring Current Future
2014 2015 2015 2016 2016 2016 Projects @ Projects

A

AN ER %A Y6

~— Indoor
Working LBS LBS Summit Prioritize Select L';Eﬁg'&[) &Iocal:(z_ation
. : tracking
Group Roadmap Summit Report R'&‘%S R&D Prize Indoor mapping
Kick Off Published Publication N Opportunities Challenges, & navigation
Opportunities Grants, & Enhanced 3D
Contracts geolocation
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Day 2 - Wednesday, June 8th

9:30am - 10:00am

10:00am - 11:00am

SNAPSHOT: Advanced Positioning
Using Improved Timing within an LTE Network

Dave Howe - PSCR Location-based
Services

Public Safety Location-based Services
Roadmap, Summit Findings, & Project Launch Overview

Moderator: Tracy McElvaney, PSCR Advanced
Communications Research Group Lead

Vihang Jani, PSCR Advanced Communications
Research Group

Ryan Felts, PSCR Roadmapping Support
Christian Militeau, West Safety Services (formerly
Intrado)
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/*‘ Analytics

Winter Spring EEUIulyls Fall Fall Winter  Summer
2015 2016 2016 2016 2016 2016 2017

Working Analytics Analytics Summit Prioritize Select Lif,‘ﬁch

Group Roadmap Summit Report Analytics R&D Prize

i : Publicati R&D Opportuniti llenges,
Kick Off Published ublication Opportunities pportunities G%gﬁts.g

Contracts
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Analytics

Spring/
Winter Spring EEIInnG Fall Winter  Summer
2015 2016 2016 2016 2016 2017

e T

Working Analytics Analytics Summit Prioritize Select Lﬁf,‘ﬁch

Group Roadmap Summit Report Analytics R&D Prize

i ; icati R&D Opportuniti llenges,
Kick Off Published Publication Opportunities pportunities cﬁgﬁtse,s?

Contracts
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Day 3 - Thursday, June 9

3:00pm - 4:30pm Public Safety Analytics Roadmapping
Paving the Road to the Summit

Moderator: Jeb Benson, PSCR Advanced
Communications Research Group

Noah Fritz, /nternational Association of Crime
Analysts (IACA)

Tom Sorley, NPSTC, City of Houston Deputy CI0,
Public Safety

Marc Leh, PSCR Roadmapping Support

John Garofolo, PSCR Video Analytics

Neal Fishman, /BM
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work|ng Ul Summit Prioritize Ul R&D Launch

(_3r0up Roadmap . Report Ul Prize Challenges,
Kick Off Published Publication

Contracts
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Working Summit
Group

Kick Off Published

Prioritize
Roadmap ' Report ul
Publication
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Spring -4 Summer Fall/Winter
2016 2016 2016 2016
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Summer Fall/Winter
2016 2016

Spring

A\ S A\YC) &

MCV Prioritize Select MCV R&D Launch

MCV Prize Challenges,
Roundtable R&D Grants, &

Opportuniti
Opportumtles pportunities Contracts
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Day 1 - Tuesday, June 7th

10:30am - 12:00pm

Mission Critical Voice
Bridging the Gap & Advancing the Future

Jeb Benson, PSCR Advanced Communication Research Group
Richard Rouil, PSCR Modeling & Simulation

Andrew Thiessen, PSCR Standards & Requirements Lead
Chief Paul Roberts, Division Chief - City of Boise Fire
Department

Day 2 - Wednesday, June 8th

1:30pm - 3:00pm

3:30pm - 5:00pm

BREAKOUT SESSION A: Tutorial 101A — Mission Critical

Voice
PTT, D2D, & GCSE — Oh My !

Jeb Benson, PSCR Advanced Communications Research Group

BREAKOUT SESSION A: Tutorial 101A — Mission Critical

Voice
PTT, D2D, & GCSE — Oh My !

Jeb Benson, PSCR Advanced Communications Research Group
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l LMR to LTE

Winter Spring  Summer Fall
2016 2017 2017 2017
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Winter Spring  Summer Fall
2016 2017 2017 2017

sA\YC) Y€

Prioritize LMR to LTE
LMR to LTE Select °

LMR to LTE R&D Launch
Roundtable R&D Prize Challenges

R&D o ... Grants, &
Opportunities pportunities Contracts
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Day 2 - Wednesday, June 8th

i

11:00am - 11:30am SNAPSHOT: LMR to LTE

Standards Update

Andrew Thiessen, PSCR
Standards Lead

24
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% Prizes
& Challenges

Federal government increasingly leveraging prize challenges to
spur innovation and solve tough problems
- NIST partnering with Under Armour, NFL, & GE to innovate

impact-absorbing materials for use in football helmets
- Smart Cities Challenge
- DARPA Robotics Challenge

BEESSS NIST is partnering with NASA's Center of

Excellence for Collaborative Innovation to
launch initial Innovation Accelerator prizes
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- & (Challenges

Federal government increasingly leveraging prize challenges to
spur innovation and solve tough problems

» NIST partnering with Under Armour, NFL, & GE to innovate

impact-absorbing materials for use in football helmets
- Smart Cities Challenge
- DARPA Robotics Challenge
il NIST is partnering with NASA's Center of

= Excellence for Collaborative Innovation to
"""" d launch initial Innovation Accelerator prizes
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%{é Challenge.gov

Government Challenges, Your Solutions

CHALLENGES

Public Safety Communications Innovation Accelerator

Department of Commerce / National Institute of Standards and Technology

Agency Info

Welcome to PSCR's prize page. We are the public safety communications
research division of NIST and our office develops the technology standards
for devices and systems that are used by 60,000 agencies and 5 million first

responders.

Starting summer of 2016, we invite you to participate in prize competitions
to drive innovation and advances in the following areas:

1. Location Based Services (LBS)

2. Land Mobile Radio (LMR) transition to => Long Term Evolution (LTE)
3. Mission-Critical Voice

4. User Interface/User Experience (UI/UX)

5. Data Analytics

We will even have some video and creative competitions to tell the stories of
why these technologies are critically important to the 320 million Americans
who need timely and effective responses to emergencies and disasters.

Discussions The programs will continue over the next five years, so check back often or
register here at Challenge.gov and we'll keep you posted on the latest

[_1bit.ly/PSprizes <] PSprizes@nist.gov
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NIST will leverage grants and
cooperative agreements as part of
the Innovation Accelerator program.
These tools will increase
collaboration and innovation with
external partners in order to advance
communications technology for
public safety.
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9:00am - 9:30am

1:30pm - 3:00pm

3:30pm - 5:00pm

Keynote Address

Steven Rader, NASA Center of Excellence
for Collaborative Innovation (CoECI)

BREAKOUT SESSION B: Prizes

and Competitions 101
How to Engage in Prizes, Grants, Cooperative
Agreements, & Competitions

Tammi Marcoullier, PSCR Prize Architect
Heather Evans, /ST Program Coordination Office

BREAKOUT SESSION B: Prizes and Competitions

201

Brainstorming Early Prize Competition
Opportunities
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Il Innovation Accelerator
=88 Pulling the Future Forward
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Sign up for the PSCR Newsletter on pscr.gov

750 Attend Innovation Accelerator working groups &
—2 technology summits

\2} Consider competing or judging prize
competitions

31
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Thank You!
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M) Mission Critical Voice

Bridging the Gap & Advancing the Future



Speakers

Y,

@3 Paul Roberts Boise FD, Chief — Special Operations Division

Andrew Thiessen PScR/NTIA, Chief - ITS.P Division

i) Richard Rouil PSCR/NIST, Wireless Networks Division

1)) Jeb Benson PSCR/NIST, NIST R&D Team Lead

Questions/discussion at conclusion of speakers

_PSCR




Mission Critical Voice (MCV) — The Charter

Middle Class Tax Relief & Job Creation Act of 2012 §6303

“ACCELERATE the development of mission critical
voice... over broadband networks”




Typical LTE Deployment Timeline

Months: 24 - 48 18 - 24 12 - 24

- Specifications - R&D - Live testing
- Lab certification - Sustainment
- Field certification




Our Goal

Public Safety
Requirements




Importance of MCV - Public Safety Perspective

@3 Paul Roberts Boise FD, Chief — Special Operations Division

Test &
Eval

Public Safety
Requirements

OSCR




From Public Safety to 3GPP Standards

Andrew Thiessen PSCR/NTIA, Chief - ITS.P Division

Public Safety
Requirements

Test &
Eval




This work I1s sponsored by

@. @ ™
N3 FirstNet

(First Responder Network Authority)
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Agenda

 Mission Critical Voice Defined

* Standards Recap
* Direct Mode
* Group Communications
* Audio Quality
* Emergency Alerting
 Talker Identification
* Push To Talk




MCV Roundtable - Key Elements

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or one-
Push-to-talk oIy

Talker identification  Ability to identify who is transmitting/speaking

Ability to indicate that a user is in a life-threatening condition, needs immediate access to the
Emergency alerting  system, and is given the highest level of priority
Transmits data about user location (if available) and alerts other users of the emergency
(((@ Audio quality (& Listener must be able to understand what is being said, who is speaking, their tone of voice,
Intelligibility) and background noise information
Group

. . Immediate one-to-many communications between members of a talk group
communication

<:> Direct mode Ability for a radio or group of radios to operate independent of existing network infrastructure



MCV Roundtable - Key Elements

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or one-
Push-to-talk oIy

Talker identification  Ability to identify who is transmitting/speaking

Ability to indicate that a user is in a life-threatening condition, needs immediate access to the
Emergency alerting  system, and is given the highest level of priority
Transmits data about user location (if available) and alerts other users of the emergency
(((@ Audio quality (& Listener must be able to understand what is being said, who is speaking, their tone of voice,
Intelligibility) and background noise information
Group

... Immediate one-to-many communications between members of a talk group
communication



& Direct Mode

Proximity Services (ProSe)

Dimension 1: In and out of network coverage




@) Direct Mode (cont'd]

Proximity Services (ProSe)
Grp1

Dimension2:1to 1, 1to many, 1toall




@) Direct Mode (cont'd]

Proximity Services (ProSe)

Dimension 3: Discovery vs. communication




@) Direct Mode (cont'd]

* What didn’t we get in Release 12
* UE-to-UE relay
e Out of network discovery (came in Release 13)

* How is direct mode changing now (Release 14 and beyond)

* Three new markets poppingup
* Vehicle to X communications
* Internetof Things
* Wearables




MCV Roundtable - Key Elements

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or one-
Push-to-talk oIy

Talker identification Ability to identify who is transmitting/speaking

Ability to indicate that a user is in a life-threatening condition, needs immediate access to the
Emergency alerting system, and is given the highest level of priority
Transmits data about user location (if available) and alerts other users of the emergency
(((@ Audio quality (& Listener must be able to understand what is being said, who is speaking, their tone of voice,
Intelligibility) and background noise information

<:> Direct mode Ability for a radio or group of radios to operate independent of existing network infrastructure



5roup Communications

Group Communications System Enablers for LTE (GCSE_LTE)

PSCR



o’ Group Communications

Group Communications System Enablers for LTE (GCSE_LTE)

o < -4 01001101

PSCR




*% Group Communications

* 3 major standards components of Group Communications

* GCSE_LTE

e Establishesthe mechanismsthrough which group communications arerouted to
eNodeB’s

* eMBMS

* A method by which multicast and broadcastcommunicationsare sent out over a
specialized radio link to largely predefined geographies

* SC-PTM
* A methodthat uses the eMBMS architecture but doesn’t use eMBMS bearers,
thus allowing for more dynamicgroup communications
* New MCCoRe work draws group comms out of MCPTT into common
specs that other services can leverage

{1))

- PSCR




MCV Roundtable - Key Elements

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or one-
Push-to-talk oIy

Talker identification Ability to identify who is transmitting/speaking

Ability to indicate that a user is in a life-threatening condition, needs immediate access to the
Emergency alerting system, and is given the highest level of priority
Transmits data about user location (if available) and alerts other users of the emergency
(@

Group

S Immediate one-to-many communications between members of a talk group
communication

<:> Direct mode Ability for a radio or group of radios to operate independent of existing network infrastructure



«@ Audio Quality

* Stephen Voran will present about audio codecs for
Mission Critical Voice after lunch!

 SNAPSHOT: Public Safety Audio Quality Research from
1:30pm —2:00pm




MCV Roundtable - Key Elements

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or one-
Push-to-talk oIy

\ "y Talker identification Ability to identify who is transmitting/speaking

Ability to indicate that a user is in a life-threatening condition, needs immediate access to

Emergency alerting  the system, and is given the highest level of priority
Transmits data about user location (if available) and alerts other users of the emergency

(((@ Audio quality (& Listener must be able to understand what is being said, who is speaking, their tone of voice,
Intelligibility) and background noise information
®  Group : S
(O C L Immediate one-to-many communications between members of a talk group
communication

<:> Direct mode Ability for a radio or group of radios to operate independent of existing network infrastructure



[# Emergency Alerting

* Two types of alerting based on public safety requirements
* Emergency
* Imminent Peril

* Emergency call

 Anurgent MCPTT call that highlights the potential of death or serious injury to the
initiator

* Imminent peril call

* Anurgent MCPTT call that highlights the potential of death or seriousinjury, but is
less critical than an MCPTT Emergency Call. For example a call prioritized in the event
of immediate threatto any human life such as resultingfrom an MCPTT user's
observation of or engagementin a situation involvingimminent peril to the general
public (e.g., a forestfire about to encircle campers, tanker truck ready to explode
near a school, casualties at the scene of a car bombing)

{1))

e PSCR




MCV Roundtable - Key Elements

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or one-
Push-to-talk

to-many

Ability to indicate that a user is in a life-threatening condition, needs immediate access to the
Emergency alerting system, and is given the highest level of priority

Transmits data about user location (if available) and alerts other users of the emergency

(((@ Audio quality (& Listener must be able to understand what is being said, who is speaking, their tone of voice,

Intelligibility) and background noise information
Group

C L Immediate one-to-many communications between members of a talk group
communication

<:> Direct mode Ability for a radio or group of radios to operate independent of existing network infrastructure



v Talker Identification

» Several types of identities created in MCPTT over LTE

 Mission Critical user ID

* Anidentitywhichis linked to a set of credentials (e.g., biometrics, securelD,
username/password)

* MCPTT user ID

e Giventhata Mission Critical user ID could be used more than just MCPTT, there is also a
specific ID for MCPTT

* MCPTT group ID
 AnIDthatrepresentsa set of MCPTT users withinan MCPTT system

* MCPTT user profile

* An MCPTT user is associated with at least one MCPTT user profile

* Profile contains myriad of information about the user and authorizations the
user may have

PSCR




MCV Roundtable - Key Elements

Push-to-talk

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or

one-to-many

Talker identification

m Emergency alerting

(((@ Audio quality (&

Intelligibility)

Group
communication

<:> Direct mode

Ability to identify who is transmitting/speaking

Ability to indicate that a user is in a life-threatening condition, needs immediate access to the
system, and is given the highest level of priority

Transmits data about user location (if available) and alerts other users of the emergency
Listener must be able to understand what is being said, who is speaking, their tone of voice,

and background noise information

Immediate one-to-many communications between members of a talk group

Ability for a radio or group of radios to operate independent of existing network infrastructure



§ Push To Talk

Mission Critical Push To Talk over LTE (MCPTT)
Floor control
oor contro MCPTT Ue [Pl

MCPTT Server (User

Media distribution / Equipment)

function

MCPTT client

Group management

Common \
Services Core Configuration management

—J Identity management




Push To Talk (cont'd]

Mission Critical Push To Talk over LTE (MCPTT)  wewer o

MCPTT server

MCPTT UE
server MCPTT-5 Rx
MCPTT dient
Medis MCPTT-6 MB2C
MCPTT user . distribution
User database MeETT2 furction 4 MCPTT-7 - Meda
MCPTT service configuration ‘ MCPTT.8 | {11 ™
provider . Interworking .
A function to MCPTT-1
legacy system
Floor MCPTT-4
[ control | (1T Fleor
MCPTT [ | server ! MCPTT-9 - parln:oml_
user .
CsC-5
Service
arrangement  Other group | p— Graup
management GC-2 { mana;lmpem GsC-2 management
server server dient
Subsccip(ion ‘ Cnnﬁm:ation cSC4 [ 1] Configuration
arrangement OC1 11 " sever dient
SCE Identity €5C-1 Idemtity
. management management
Roammg server CSC-10 client
agreement ’
= Key X Koy
Home v , Roamed-to sc9 | menagement CsC-8 ! managament
network operator network operator ssher chert
Common

services core




i Push To Talk (cont'd]

Mission Critical Push To Talk over LTE (MCPTT)

User
configuration

Service < —:>
S

MCPTT

Provider

Service o
arrangement ubscription
arrangement
Roamed to

Home
Network —'l> Network
<lf Operator

Operator
’ Roaming agreement

PSCR




i Push To Talk (cont'd]

* In Release 14 we are fixing bugs and closing gaps not filled in Release
13

* Created a study on LMR to LTE connection to be discussed tomorrow




Evaluating Unique Public Safety Requirements

Richard Rouil PSCR/NIST, Wireless Networks Division

Test &
AV
Public Safety
Requirements

PSCR
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Science & Technology Directorate
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MCV Use Cases

On network (In coverage) Off network

(s)
Core ( ) &
Network

In-coverage, single-cell In-coverage, multi-cell

()
|

Out of coverage (00C)
Current focus

Partial-coverage




ut of Coverage Architecture

Voice packets,

control messiages

ProSe

——— ==

i

CPTT
Operations

<
(@)
O
—
—

Voice packets,
control mes;:sages
1

< ProSe Sidelink >

Voice packets,

ProSe

control messages ' Ue B

Figure: Simplified Illlustration of MCPTT over ProSe
(off-network mode )

—_—_————— - ——

—_————————————

;
' Floor control messages
| 4= g

|
RTP/RTCP [«———> RTP/RTCP
b
! |
l |
UDP Je—t—{ uDP | qmmmm Call control messages
|
——————————— it R SN e LT
IP I : > IP |
|
__________ '1___T_'T____"____"ﬁ___'_'___'_"__'__"_'__"
PDCP  fer— > PDCP |
| |
I [
RIC  Jq——n] RLC l
| ' |
I [
MAC |« > MAC |
| ' |
I [
PHY :: —> PHY :
| PC5-U | |
UE A | : UEB |

Figure: Protocol stack of MCPTT off-network over ProSe basic operations

T — e ()
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ProSe Functionalities

* Services
* Direct Discovery: The ability to detect the presence of another UE in proximity
 Announce/Monitorfunctions
* Includes Restricted discovery for Public Safety
* Group discovery

* Direct Communication: The capability to exchange user traffic without going
through the eNodeB

* Requirement
* Device synchronization




ProSe vs Uplink

Key Differences Uplink (UE->eNodeB) ProSe (UE->UE)

Schedulertype Centralized (eNodeB) Uncoordinated (UEs)

SchedulingInterval 1 ms 40 ms—320 ms

Resource allocation Dynamic Pre-configured

Reliability HARQ with acknowledgement HARQ without acknowledgement
(always 4 transmissions)

Physical layer transmission Unicast Groupcast (Rel 12), Unicast (Rel 13)

mode

Hybrid automatic repeat request (HARQ) is a mechanism to reliably transmit data
packets with increasing chance of decoding the packets at each retransmission.

—PSCR




Example of ProSe Resource Allocation

40 ms — 320 ms period . Depicted

<up to 40 ms > [ ] subframes used in control channel

1 | Subframes used in shared channel
é Resources assigned to a pool
Q - —— ] resource selected in
N control channel
xI .
> Resources selected for data
S ! transmission

PSCCH Time (subframes) PSSCH ]
(control channel) (data channel)
* Transmitting UEs (Tx mode): * Listening UEs (Receive mode):

e To transmit, a UE selects a random resource n in the e Each UE listens to the control channel to know if

PSCCH pool to send a Control Information Message, another UE is going to transmit

indicating where and how the data will be

transmitted in the PSSCH.
E— ()

S PSCR




Key Findings on Resource Allocation

. . KPIs: Number of users/groups
° Several ConStralntS to ConSIder Impact of resource pool configuration on

* No coordination=collisions outdoor deployment

* Multiple UEs transmit on the same resources in time and 1
0.4

* Half duplex
A UE cannot transmit and receive in the same sub-frame.
* Layer 1 groupcastcommunication

* No HARQ feedback

» Selection of the Modulation and Coding Scheme (MCS) must .
take into account the link quality of the various members Number of non-overlapping pools

* Poolsize

* Resources have to be shared among multiple pools (different
priorities, different agencies)

» Adequate dimensioning of the resource pools is

0 0.5 1 15 2
Tx Density (Tx/km?)

Ratio link < 2 % packet loss

Config 1 (large pool) Config 2 (small pool)

(] N N w N [V, ]

]
necessary to obtain desired level of performance Conig 1 frge poo) Config 2 (small poo)

PSCR




ther Findings on ProSe

* Discove ry Example of probability that a discovery message
fromUE Y reaches UEX

* For a given pool size and number of UEs trying to
discover each other, there is an optimal value for ~ 77=x©

the transmission probability @ that optimizes the 0 /,/‘
probability of discovery = Z0uEs ///N L
* Synchronization :{qm —
* Ping-pong effect dependingon the method used N NP B

to perform scanning

* Hidden node problem where a transmitter UE
with a different timing can disrupt the
communication between UEs that belongto the

UE 1’s proximity to UE 3 can triggerlost of synchronization

same group with UE 2

RUIPIR

{1)

e P SCR




MCPTT and ProSe Interactions

MCPTT Off-network Operation
ProSe
Basic Building Blocks Features
/ e Call control(e.g. group, private, broadcast groum‘\\ \
e Calltype control(e.g. emergency, imminent peril *v .
’ . [T ProSe-Per-Packet-Priority (PPPP)
basic) Nt b7
* Floor control (e.g. preemption, requests queueing) ,,/izfji;?’ \;‘,;» Resource Pool configuration
R ISPy
* Emergency Alert [=7__%< o0 x5y : .
ST RN Direct discovery
*  Tx/Rx MediaPackets 2 -7 7" >~}
200 ___TT1TE Direct communication

° Group management -7~
K * ID managemey:/ K /
e (1)

PSCR




MCPTT Findings To Date

* Protocol validation
 MCPTT was officially completed in March 2016

* |n reality, more Change Requests (CRs) and updated versions are
h Floor Call Type
on the way Priority g

* (Pre-)Configurationand Scheduling of ProSe Resource e Abe
Pools to Suppo rt MCPTT Participant Type |:> <::| User Priority

» Semi-static, pre-configured

* Tradeoff between efficiency, flexibility and reliability | [3 Other Information
° : Floor Floor
Interaction between ProSe and MCPTT Request Comiroller
* Mapping between ProSe-Per-Packet-Priority (PPPP) and MCPTT

Call Types (emergency, imminent peril, basic) &
* Mapping between ProSe Layer-2 Group ID and MCPTT group IDs Ai))>>>

* Floor Preemption Decision:

Floor
* No rules defined in 3GPP standards Participant
e Up to implementation who wants to
talk

PSCR




Current \Work

e Off network evaluation
* Partial coverage

* In coverage
* MCPTT features

e Call control
* Emergency alert

* In network MCV evaluation
 Core network
* Network to UE relays




MCV R&D - Public Safety Driven

Jeb Benson PSCR/NIST, NIST R&D Team Lead

PSCR




Disclaimer

Please note, all information and data
presented is preliminary/in-progress and
subject to change.




STAKEHOLDER INPUT

NIST R&D Program Begins

2016 2017 2018 2019 2020 2021

Today
Nov 2 - Mar 2 @) MCV Interviews & Roundtable




Interviews & Roundtable

* Conducted interviews with ten
key public safety stakeholders

Key Element ng::::: * Hosted one day MCV
Roundtable:
* Public safety
Key performance hall . ) Flrst.Net , ,
indicators (KPIs): C |?1 le:ries- . E’PquAI\IE)Safety Advisory Council

Measure
e DHS and DOJ

)

- PSCR




MCV Roundtable - Key Elements

i

(.
(((@

g

Push-to-talk

Talker identification

Emergency alerting

Audio quality (&
Intelligibility)

Group
communication

Direct mode

Ability to (instantly), selectively, and sequentially transmit messages either one-to-one or
one-to-many

Ability to identify who is transmitting/speaking

Ability to indicate that a userisin a life-threatening condition, needs immediate access to
the system, and s given the highestlevel of priority
Transmits data about user location (if available) and alerts other users of the emergency

Listener must be able to understand what is being said, who is speaking, their tone of
voice, and background noise information

Immediate one-to-many communications between members of a talk group

Ability for a radio or group of radios to operate independent of existing network
infrastructure



MCV KPIs: Benchmarks for Comparison

Coverage & Capacity h \° ﬂ («@ &’.‘. “
v

Range / Coverage / Signal Strength v

Interference v

Capacity / Max # of groups / Max users per group v v v v
Efficiency 4

Success / Busy / Failure rate v v v




MCV KPIs: Benchmarks for Comparison

Timing 1 0@ @ e

Latency / Call setup v v v
Hang time/ Time-out v v
Resolutiontime / Refresh rate v




MCV KPIs: Benchmarks for Comparison

Integrity ' \9 ﬂ (8
v

Data accuracy

Intelligibility v v




MCV KPIs: Benchmarks for Comparison

' O [ @ e
3 1 1

Coverage & Capacity 2 3
Timing 2 1 1 2

Integrity 1 1 1

TOTALS 5 2 3 1 2 6

Impossible to talk about PTT without either Group Communications or Direct Mode - totals a bit
misleading

- Appropriate focus on Direct Mode - Itis a lifeline
Disproportionate concern about Emergency Alerting highlights importance

{1)

e P SCR




KPI'UX Spectrum

Range/Coverage/Signal Interference Intelligibility

Strength
Hang time / Time-out Latency / Call setup

Capacity / Max # of groups Success / Busy / Failure rate
/ Max users per group

Efficiency

Resolution time / Refresh Data accuracy
rate




STRATEGY

NIST R&D Program Begins

2016 2017 PAONRS 2019 2020 2021

Today




MCV Technology Stack

PTT
Talker ID MCPTT over ' TE

Emer. Alerting .

Audio AMR-'WB (mana:

Quality EV5-SWB (option: 'R-WB = Adaptive multirate - wideband

EVS = Enhanced voice services
A~ A

Group Communication Sy=zern Enablers Prox services (ProSe)
for LTE (GLSF. LTZ) Direct nunications

control

Broadcast Beacar EPS (Unicast) Bearer

MBMS or SC-PTM

Public Safety User Interface (vendor specific)

= )

MBMS = Multimedia broadcast/multicast serv1ce —

R e r——— " BT




LTE/P25 Interworking

MCPTT over LTE

AMR-WB (mandatory)

EVS-SWB (0ptiona|) AMR-WB = Adaptive multirate - wideband
EVS =Enhanced voice services

Group Communication System Enablers Proximity Services (ProSe)
for LTE (GCSE_LTE) Direct Communications

control

EVERIEG MRl EPS (Unicast) Bearer D2D Bearer

MBMS or SC-PTM

Public Safety User Interface (vendor specific)

Gateway

Mode 1

Mode 2




MCV Technology Area Breakdown Structure

Mission Critical Voice
|
[ |
Applications
B Over-the- B McPTT
Top PTT
Bl \C Video GCSE
ProSe - - Power
Bl Communications Optimization
_

Devices Path to5G

Audio
Quality

PSCR




Mission Critical Push to Talk (MCPTT)

Objectives

Accelerate development, testing, and
implementation of the MCPTT capabilities.

Impact

MCPTT is the most important feature set for
public safety.

MCPTT

Challenges

New technology for 3GPP vendors and public
safety users. Niche market. Lack of common
baseline KPlIs.

Candidates

LMR/LTE KPI benchmarks
Applicationserver acceleration

Adaptive/Predictive Floor Control




LMR/LTE KPI Benchmarks

Description

Measure KPIs for MCV in P.25 and possibly
analog LMR systems for comparison to
LTE MCPTT rollout

Challenges

Incredible number of variables in LTE;
no precedent exists for measuring
direct mode

44—

KPIs

Timing: Latency

Timing: Call setup / Hang time / Time-out
Timing: Resolution time / Refresh rate
Timing: Success / Busy / Failure rate

(see following slides)

Performance Goals
Consult TIA-102 and 3GPP specifications

where applicable

Deliverables

NIST special publication
Peer-reviewed papers
Test bench

(al
=

Major Tasks

Spin-up LMR systems in lab,

identify test equipment & design,
develop test bench, determine test cases

©
&

PSCR



‘Real World’ vs Lab

y () T —

‘ = Commercial UE

LTE Load
Tester

Channel
Emulator




Using KPIs to Inform Adoption & Gaps

I —
Technology 1
KPI 1
Technology 2

NEW

L — D)

S P SCR




TECHNOLOGY ACCELERATION

Funding Expires

NIST R&D Program Begins

2015 2017 2019 2021 2023 2025 2027 PAVPAS 2031

Today




New Technologies Take Time

Global VOLTE vs LTE Subscriptions: 2015 - 2030 * MCPTT will as well

* Public Safety Grade

2014 2016 2018 2020 2022 2024 2026 2028 2030

[y
o

Subscriptions (Billions)
S = N W B U O N 00 W

Source: SNS Research, The Public Safety LTE
and Mobile Broadband Market: 2015 - 2030

e D)

—— P SCR
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New Technologies Take Markets

LTE vs LMR Global Subscriptions I * Incredible economy of scale
Total Mobile .
e mivR 2030128 * LMR at its peak - 50M

Subscriptions (Billions)
O = N W B U1 O NN 0 W

Source: SNS Research, The Public Safety LTE

Total Mobile
2016 4B
._|_I_|_|_| | |
O '\?' 'w? ,»Q & '»@' ,LQ'\, ,LQ'» ,LQ'»
and Mobile Broadband Market: 2015 - 2030

R (D)
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Proximity Services — Initial Markets

* Public Safety requirements revolutionized the 3GPP ecosystem and
changed mainstream thinking

* Specification vs Regulations; the push to commercialize

* After a couple releases, they are now identifying new markets &
business models...

Inside QOutside Relay
Direct Discovery Commercial Uncertain Uncertain
Direct Communication Public Safety Public Safety Public Safety

_PSCR




Proximity Services — New Markets

I, aaan Lt ¥

Inside Qutside Relay
Direct Discovery Commercial Commercial Commercial
Direct Communication Commercial Public Safety Commercial

)




D2D Tech Acceleration

Months: 24 - 48 18- 24 12 - 24

ProSe
- Major leap, not incremental

- Only possible because of public
safety input D2D evaluation, modeling &
simulation

- Out-of-network
- High-throughput Benchmarking

Anticipatory evaluation
Tech Acceleration




MCV Tech Acceleration - Opportunities

* D2D chipset - direct * Network
communications, high power & * Smart Macro-to-D2D transition
data rate, out-of-network . EmAe/‘rgency Alert ‘“fallback’ from D2D
. P g _ o Macro
é(p: EcgtlggeServers MCPTT, » Coverage/transition indication app
. Algor,ithms * Discovery-enabled applications
 Adaptive/predictive floor control * Integrating MC Video & Data
y ﬁigﬁlgé'é/%%mkinterference * Software Defined Radio
* D2D resource selection — * Path to 5G

in/out/partial coverage
* Floor control implementation in UE

* Test equipment

* Inject and prioritize PS needs in
carrier-drivenroadmaps

PSCR




Investment Strategies

Rapid Technology
INDUSTRIAL Prototyping
FIELD

Milestone Based Staged Contract

Discovering Proving Scaling

INNOVATIVE TECHNOLOGY

—— ()

e P S CR

Large &
unknown

Small &
known




MISSION CRITICAL COMMUNICATION

NIST R&D Program Begins

2015 2016 2017 PAONRS 2019 2020 2021 2022

